Cardiolipin activation of dnaA protein, the initiation protein of replication in Escherichia coli.
ATP binding to dnaA protein is essential for its action in initiating the replication of plasmids that bear the unique origin of the Escherichia coli chromosome (oriC). ADP bound to that site renders dnaA protein inactive for replication. Diphosphatidylglycerol (cardiolipin), a diacidic membrane phospholipid, displaces the bound nucleotide, and in the presence of components that reconstitute replication, fully reactivates the inert ADP form of dnaA protein. The monacidic phosphatidylglycerol is one-tenth as active as cardiolipin, whereas the neutral phosphatidylethanolamine, the principal E. coli phospholipid, is inactive. Fluphenazine, a tranquilizer drug, blocks cardiolipin activation of dnaA protein, in keeping with the inhibitory action of such agents on phospholipid-dependent enzymes. With the use of this drug to terminate cardiolipin action, dependence of the activation on time, elevated temperature, and high levels of ATP was demonstrated. Cardiolipin binding of nucleotide-free dnaA protein prevents binding of ATP and initiation of oriC replication. Removal of a fatty acid from cardiolipin by phospholipase A reverses this inhibitory effect. The strong and specific interaction of cardiolipin, a cell membrane component, with an essential nucleotide-binding site of dnaA protein, the protein essential for the initiation of chromosome replication, may be an important element in regulating the cell cycle.